Background
==========

Anaemia is frequent in developing countries and its aetiology is usually multifactorial. The most important factors that contribute to anaemia include parasitic infections, HIV infection, chronic inflammatory disorders, micronutrient deficiencies and genetic disorders \[[@B1]-[@B6]\]. The main parasitic infections include malaria and helminth infections \[[@B7]-[@B11]\].

Malaria related anaemia is associated with many factors which involve increased destruction and reduced production of red blood cells(RBCs) \[[@B12]\]. The relationship between malaria parasitaemia and haemoglobin has been well documented in previous studies in pregnant women \[[@B11],[@B13]-[@B20]\]. Fewer previous studies in developing countries have involved non-pregnant adults \[[@B21]-[@B25]\]. Updating the role of malaria parasitaemia on anaemia in an era when the use of impregnated mosquito nets is being implemented will be of help to clinicians and public health specialists.

Our objective in this study was to compare anaemia rates in patients with malaria parasitaemia to that of patients without malaria parasitaemia in a population of adult patients with fever or history of fever in Buea, Cameroon.

Methods
=======

Study population and design
---------------------------

The study was carried out in Buea in the South West of Cameroon. Buea is situated at the foot of Mount Cameroon and has an estimated population of 81 478 inhabitants (2008). The climate of Buea is of equatorial type with temperatures that range from 25-29°C annually. There are two main seasons; the rainy season which starts from June to around October and the dry season which starts from November to May. Malaria is endemic in this region and transmission occurs all year round with an average of 1-100 malaria cases per thousand per year\[[@B26]\].

The subjects for this study were taken from a study on thrombocytopenia and malaria (unpublished data). The study population consisted of patients consulting in 4 health units in Buea. These public health units include a hospital which is the main hospital in the area and 3 health centres. These units were chosen because they serve the majority of the population in the area due to their public nature and their location. Consecutive patients who came to each health unit for consultation were invited to participate in the study. Patients who satisfied all of the following characteristics were included in the study: fever (axillary temperature ≥37.5°C) or history of fever, age 18-65 years, and informed consent provided. Informed consent was obtained from all the participants in the study. Information about the study including possible risks and benefits was provided to the participants. Those who agreed to participate were asked to sign the consent form or provide a thumbprint. The study was approved by The Cameroon National Ethics Committee. A cross - sectional study was conducted from November 2007 to July 2008.

Sample size
-----------

The subjects were taken from a study to identify thrombocytopenia as a risk factor for severe malaria in adults, for which the sample size was calculated. The prevalence of severe malaria in adults in the Province in 2006 is 35% (unpublished data). A 15% difference in both groups was considered of public health importance. The estimated sample size with 80% power and 5% significance level was 366.

Data collection
---------------

Information on socio-demographic variables was collected through interview and was entered into a structured questionnaire. Other variables like rural residence, employment status, monthly income, marital status, educational status, use of insecticide treated nets (ITN) and use of antimalarials were collected through interview. The monthly income was used as a proxy for socioeconomic status. For all participants, blood samples were collected and sent to the laboratory.

The laboratory personnel were not aware of the clinical status of the patients. Thick blood films were prepared for all participants, air-dried, stained with Giemsa (Sigma, St. Louis, USA), and examined for malaria parasites by light microscopy. Parasites were detected using a binocular Olympus microscope (Olympus Optical Co., Ltd, Japan) under oil immersion. Parasites were counted against a minimum of 200 white blood cells for the determination of parasite density. Fifty high power fields (HPF) were scanned to confirm malaria negative slides. Thick blood films were examined for malaria parasites by two experienced microscopists. In case there was discordance in the results, that of the Kenya Medical Research Institute (KEMRI)-certified microcospist was re-examined by a senior scientist for approval. Quality control was ensured by a senior scientist who ensured that the authorised Standard operating procedure for thick blood film microscopy was strictly followed. Furthermore, the senior scientist randomly selected equal numbers of positive and negative slides for confirmation of results of malaria parasitaemia obtained.

Packed cell volume values were determined using a microhaematocrit centrifuge (HHC-24, Hanshin Medical CO., Ltd, Korea) according to the method described by Cheesbrough\[[@B27]\]. Briefly, plain microhaematocrit capillary tubes were filled with well mixed EDTA anticoagulated blood, leaving at least 15 mm of unfilled space. One end of the tube was sealed with cristaseal and the tubes centrifuged at 1200 rpm for 5 minutes in a microhaematocrit centrifuge. Packed cell volume was read off using a Hawksley microhaematocrit reader. Haemoglobin concentration (g/dl) was calculated from the PCV values, as described by Topley,\[[@B28]\] by dividing the PCV value by three. Anaemia was defined as haemoglobin levels less than 11 g/dl.

White Blood Cell (WBC), Red Blood Cell (RBC) and platelet counts were determined using a haemocytometer (improved Neubauer counting chamber) as described by Cheesbrough\[[@B27]\].

The Mean Corpuscular Volume (MCV) was calculated from the PCV and the RBC count values using the formula below:

Data analysis
-------------

Data from the questionnaires was entered using the package EpiData version 3.0 (The EpiData association, Odense, Denmark). The data entered was checked for consistency and legal values. Data analysis was done using the package STATA version 8.2 (StataCorp, 4905 Lakeway Drive, College Station, Texas 77845 USA).

Baseline characteristics were compared in aparasitaemic and parasitaemic patients using means or proportions. Means were compared using the t-test or analysis of variance (ANOVA). In case of skewed data, the Mann-Whitney test was used. Proportions were compared using the chi-squared test. Quantitative variables were converted to categorical variables by splitting them into standard categories or tertiles. Univariate analysis was done by examining the effect of each measured variable on anaemia using the chi-squared test or the chi-squared test for trend. The T-test was used to compare the geometric means of parasite densities in both the anaemic and non-anaemic patients. The attributable risk fraction (ARF) was calculated by using the formula below\[[@B29]\]:

Multivariate analysis was done by entering each measured variable into a Logistic regression model. The variables were entered in a stepwise manner in order of the size of the effect (obtained from univariate analysis). The models were compared using the likelihood ratio test. A variable was dropped if there was no evidence (from p-value) that it fitted into the model or if the size of the effect of malaria parasitaemia on anaemia did not change substantially. A test for interaction among the categorical variables was also performed by comparing the model with and without the interaction term. The interaction term was also dropped if there was no evidence that it fitted into the model.

Results
=======

Description of the study population
-----------------------------------

The study population consisted of a total of 250 adult patients, 68% (170/250) of the patients had a history of fever while 41.60% (104/250) had measured fever (axillary temperature ≥37.5°C) and 39.2% (98/250) had both history of fever and measured fever. The mean age (± SD) was 29.31 years ± 10.63 and 59.44% of the patients were females. The mean haemoglobin level in the study population was 13.16 g/dl ± 2.21 and the prevalence of anaemia (haemoglobin \< 11 g/dl) was 14.80%. The median parasite count was 643 (range = 40 - 275 566) parasites per microlitre of blood and 25.60% of the patients had malaria parasitaemia. The reported use of insecticide treated nets was 16.95%. Patients with malaria parasitaemia were similar to those without malaria parasitaemia in terms of most of the baseline characteristics except for history of fever, temperature at enrolment and platelet count (Table [1](#T1){ref-type="table"}).

###### 

Baseline characteristics of study subjects

  variable                                   Aparasitaemic   Parasitaemic    p-value\*                  
  ------------------------------------------ --------------- --------------- ----------- -------------- ---------
  age(years)                                 109             29.40(10.33)    52          29.12(11.35)   0.88
                                                                                                        
  rural residence (%)                        53              28.65           25          39.06          0.29
                                                                                                        
  Sex (% female)                             107             57.84           41          64.06          0.38
                                                                                                        
  unemployed (%)                             147             80.33           47          73.44          0.25
                                                                                                        
  monthly income (thousand FCFA)             160             17.84(34.54)    54          18.06(34.45)   0.69^†^
                                                                                                        
  married (%)                                74              40.44           30          46.88          0.37
                                                                                                        
  attained primary education (%)             54              30.17           14          21.88          0.46
                                                                                                        
  use of ITN^b^(%)                           30              17.14           10          16.39          0.89
                                                                                                        
  use of antimalarial at home^a^(%)          94              53.11           24          40.00          0.08
                                                                                                        
  history of fever (%)                       116             65.17           54          84.38          0.004
                                                                                                        
  Temperature (°C)                           170             37.35(0.75)     59          37.63(1.09)    0.03
                                                                                                        
  white blood cell count (thousand per μl)   177             5.06(4.86)      64          5.03(2.39)     0.96
                                                                                                        
  red blood cell count (million per μl)      177             4.28(0.85)      64          4.19(1.17)     0.51
                                                                                                        
  mean corpuscular volume ( fl)              178             95.02(18.45)    64          96.45(26.88)   0.64
                                                                                                        
  platelet count (thousand per μl)           177             154.25(53.12)   64          133.5(50.80)   0.007

means (SD) are presented for quantitative variables

\*p-values compare estimates between aparasitaemic and parasitaemic subjects. In case of means, p-values are derived from the t-test. In case of percentages, p-values are obtained from the chi-squared test.

^†^obtained from the Mann-Whitney test

^a^use of antimalarial at home during the present fever episode

^b^ITN: Insecticide Treated Nets

The effect of measured variables on anaemia
-------------------------------------------

On univariate analysis, those with malaria parasitaemia had more anaemia than the aparasitaemic patients although this effect was not statistically significant (OR = 1.98, 95% CI = 0.94-4.17, p = 0.06) - Table [2](#T2){ref-type="table"}. The proportion of subjects with anaemia in the parasitaemic patients was 14/64(21.88%) compared to 23/186(12.37%) in the aparasitaemic patients giving an attributable risk fraction of 43.46% \[(21.88-12.37)/21.88\] in those with malaria parasitaemia and 16.87% \[(14.80-12.37)/12.37\] in the study population. The geometric mean (± SD) malaria parasite density in those with anaemia was 1406.51 ± 10.63 parasites per microlitre while those with normal haemoglobin had a geometric mean (± SD) parasite density of 1003.44 ± 11.89 parasites per microlitre. Similarly, this difference in parasite densities was not statistically significant (p = 0.65). Those who lived in rural areas were more likely to have anaemia compared to those who lived in urban areas (p \< 0.001). There was enough evidence that women had higher rates of anaemia compared to the men (p = 0.001). Those with missing values for age had lower proportion of malaria parasitaemia compared to the other subjects-13.48% versus 32.30% respectively (Chi-square = 10.65, p = 0.01).

###### 

The effect of each measured variable on anaemia(Univariate analysis)

  variable                               N(n)\*    OR(95% CI)^‡^      p-value^\|\|^
  -------------------------------------- --------- ------------------ ---------------
  malaria parasitaemia                                                
  aparasitaemic                          186(23)                      
  parasitaemic                           64(14)    1.98(0.94-4.17)    0.06
                                                                      
  age (years)                                                         
  \<25                                   68(10)                       
  25-29                                  35(8)     1.72(0.60-4.89)    0.30
  \>30                                   58(9)     1.07(0.40-2.84)    0.90
                                                                      
  residence                                                           
  urban                                  156(15)                      
  rural                                  78(22)    3.69(1.75-7.81)    \<0.001
                                                                      
  sex                                                                 
  male                                   101(6)                       
  female                                 148(31)   4.20(1.64-10.71)   0.001
                                                                      
  employment status                                                   
  employed                               53(9)                        
  unemployed                             194(28)   0.82(0.36-1.88)    0.65
                                                                      
  monthly income (thousand FCFA)                                      
  \<15                                   148(24)                      
  ≥15                                    66(7)     0.62(0.25-1.54)    0.30
                                                                      
  marital status                                                      
  married                                104(20)                      
  unmarried                              143(17)   0.57(0.28-1.15)    0.11
                                                                      
  educational status                                                  
  none                                   23(2)     0.44(0.09-2.19)    0.31
  primary^+^                             68(12)                       
  secondary                              96(17)    1.00(0.44-2.27)    0.99
  university                             56(6)     0.56(0.19-1.62)    0.28
                                                                      
  use of ITN                                                          
  yes                                    40(7)                        
  no                                     196(27)   0.75(0.30-1.88)    0.54
                                                                      
  use of antimalarial at home                                         
  yes                                    118(21)                      
  no                                     119(16)   0.72(0.35-1.46)    0.36
                                                                      
  history of fever                                                    
  yes                                    170(30)                      
  no                                     72(7)     0.50(0.21-1.21)    0.12
                                                                      
  temperature (T) (°C)                                                
  \<37.5                                 124(16)                      
  37.5 ≤ T \< 38                         56(12)    1.84(0.80-4.24)    0.15
  ≥38                                    48(7)     1.15(0.44-3.01)    0.77
                                                                      
  white blood cell count (thousand/μl)                                
  \<3.7                                  76(19)                       
  3.7-5                                  82(8)     0.32(0.13-0.81)    0.01
  \>5                                    83(10)    0.41(0.17-0.97)    0.04
                                                                      
  platelet count (thousand per μl)                                    
  \<120                                  69(11)                       
  120 ≤ platelet \< 150                  65(10)    0.96(0.38-2.44)    0.93
  ≥150                                   107(15)   0.86(0.37-2.01)    0.73

\*N = number of subjects in category, n = number with anaemia

^‡^crude odds ratios and confidence intervals

^\|\|^p-value is obtained from the chi-square test or the chi-square test for trend

^+^Primary group was used as the baseline

The effect of malaria parasitaemia on anaemia (logistic regression)
-------------------------------------------------------------------

After adjusting for age, sex, rural residence, socioeconomic status(SES), antimalarial use and WBC count, the effect of parasitaemia on anaemia was more pronounced and this was of borderline significance (OR = 4.13, 95% CI = 1.20-14.23, p = 0.03).

After adding the variable ITN use in the model, the effect was even more pronounced and was statistically significant (OR = 4.33, 95%CI = 1.21-15.43, p = 0.02)-Table [3](#T3){ref-type="table"}. This means there was evidence that those who had malaria parasites were about four times more likely to be anaemic compared to those without malaria parasites after adjusting for age, sex, rural residence, SES, use of antimalarials, ITN use and WBC count.

###### 

The effect of each measured variable on anaemia (Logistic regression)

  Variable                               OR(95% CI)\*       p-value^‡^
  -------------------------------------- ------------------ ------------
  malaria parasitaemia                                      
  aparasitaemic                                             
  parasitaemic                           4.33(1.21-15.43)   0.02
                                                            
  age(years)                             1.03(0.97-1.09)    0.30
                                                            
  residence                                                 
  urban                                                     
  rural                                  5.13(1.57-16.78)   0.007
                                                            
  sex                                                       
  male                                                      
  female                                 8.83(1.83-42.62)   0.007
                                                            
  monthly income (thousand FCFA)                            
  \<15                                                      
  ≥15                                    1.64(0.46-5.86)    0.44
                                                            
  use of ITN                                                
  yes                                                       
  no                                     2.19(0.43-11.08)   0.34
                                                            
  use of antimalarial at home                               
  yes                                                       
  no                                     0.39(0.11-1.38)    0.14
                                                            
  white blood cell count (thousand/μl)                      
  \<3.7                                                     
  3.7-5                                  0.21(0.05-0.91)    0.04
  \>5                                    0.32(0.08-1.30)    0.11

\*adjusted for each other variable in the model

^‡^p-values obtained from the Wald test the number of observations in the final model was 122

Discussion
==========

In this study, we sought to investigate the contribution of malaria in the prevalence of anaemia in adult febrile patients attending three principal health institutions in Buea, Cameroon.

Our findings indicate that anaemia and malaria parasitaemia are not rare in adult patients consulting in clinics in this setting where malaria is endemic and transmission is perennial. In high transmission areas like this, people usually experience frequent and repeated bites by mosquitoes and they develop immunity by the time they are adults. Adults usually have some level of parasites in them that do not necessarily cause clinical malaria but can lead to anaemia and its related complications. The proportion of individuals with malaria infection found in this population could partly be explained by the low reported use of insecticide treated nets. Our proportions are higher than that of a previous study conducted in a population of Mozambican adults\[[@B21]\].

The relationship between malaria parasitaemia and anaemia is well established in previous studies \[[@B4],[@B11],[@B13],[@B15],[@B17],[@B18],[@B20]-[@B23]\]. High levels of parasitaemia cause more destruction of red blood cells hence reducing haemoglobin levels leading to anaemia. Our results also indicate that malaria parasitaemia is responsible for about 44% of anaemia in those with malaria parasitaemia. This means if these patients are cleared of their parasites, this will reduce anaemia by more than one third. This information is useful for public health because the control of malaria can be targeted in order to reduce anaemia. This should however, be interpreted with caution because it assumes that there are no other factors which are responsible for anaemia (confounders). Policy on malaria control in non-pregnant adults should be geared towards reducing or clearing malaria parasites. However, there is conflicting opinion on the value of this kind of policy as it has been postulated that asymptomatic parasitaemia is useful in maintaining acquired immunity in adults while another school of thought disagrees with this hypothesis.

The main limitation of this study is confounding. Some potential confounders like helminth infections, micronutrient deficiencies and HIV infection were not measured. The study was conducted over a number of months which means the anaemia rates and even the parasite densities could change over time. However, the malaria transmission in this area is perennial and not seasonal. Human Chorionic Gonadotrophin (HCG) levels indicating the pregnancy status of the female patients was not measured which could affect the levels of haemoglobin. There were about 30% missing values for age which could cause insufficient adjustment for the confounding effect of age. This could have overestimated the effect of parasitaemia on anaemia since those with lower proportion of parasitaemias had missing values for age. The study may have been underpowered which could explain the borderline significance obtained. Microscopy was the only method used for the detection of malaria parasites meaning that some malaria negative patients could have had malaria parasites which could be detected by PCR and this could lead to underestimation of the effect of malaria parasitaemia on anaemia. However, microscopy is the method used in these health facilities for the management of patients and in this study, it was properly conducted using an authorised standard operating procedure, by well trained laboratory scientists.

Conclusions
===========

In adult patients in this setting with fever or history of fever, those with malaria parasitaemia are more likely to have anaemia and malaria parasitaemia has a great public health impact on anaemia. Public health interventions on malaria in non-pregnant adults should be geared towards clearing malaria parasites. Our results establish a baseline prevalence of malaria parasitaemia in adult patients (non-pregnant) with fever in this setting which will help clinicians in their differential diagnosis of malaria.
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